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forces do not give rise to any moment. Resolving parallel and perpendic- 
ular to the chassis, 

F' + F cosa = Ccosa" + R s'ma", 
F sina = C sina" — R cosa", 
and taking moments about the center of mass, 

F'd' - Fdcosa = S, 
or making use of the relation between a and a", 

F' - Fsin(a-a")/sin a" = S/d'. 
Solving these equations we obtain 

R = - S/d'sina", 
F ■= sina"/sina (C + Scosa"/d'), 
F' = sin(a — a") /sina C + S/d' (sin(a — a")cosa"/sina —1). 

Now since C = mv 2 / P " and S = mk 2 d 2 ^/dt 2 = mk 2 (d 2 d/dt 2 -f d 2 a"/dt 2 ) 
and in the method of steering assumed this is mkHW/dt 2 = mkVd^d/ds 2 , 
if a is constant, both terms are proportional to v 2 . Consequently the con- 
clusions above stated are justified. (It is to be remarked that if v is con- 
stant, the kinetic reaction above is to be replaced by the force of traction 
necessary to maintain the velocity constant.) The term in C is propor- 
tional to the curvature, and the term in 5 to the rate of increase of cur- 
vature, the latter is greatest at the beginning and end of the curve, the 
former at the middle. 

Finally I have made some experiments to determine the coefficient of 
friction ju of rubber on slimy stone, with the conclusion that it is about one- 
fourth. Using the criterion v 2 < ngp we arrive at the conclusion that the 
safe speed for curves as above is somewhat less than ten miles per hour, 
which may account for the common traffic rule of "eight miles around the 
corner." 



THE PROBABLE ERROR OF THE VITAL INDEX OF A POPU- 
LATION 1 
By John Rice Miner 
Department of Biometry and Vital Statistics, Johns Hopkins University 
Communicated February 14, 1922 

In comparing the birth-death ratios of different communities we need 
their probable errors to determine the significance of observed differences. 
Let N — the population of a community, 
B = number of births in a year, 

D = number of deaths in a year. 1f ,„ „ 

Then the birth-death ratio or vital index is defined as — =— . 
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The standard errors of sampling of births and deaths will be: 

. / B(N-B) ^ I D{N- D) 

whence V B = — = yj —^— Fz3 = — = ^___i_ 



and the probable error of the birth-death ratio will be : 
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BAl-B/N I -DIN 
^jumkb? = 67.449- \ — — + — - 7 



since r = 0, being the correlation of errors of sampling of births and deaths. 
As B and D are small as compared with N we may write this approximately: 



PE i 100 „ ) = 67.449 
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This form has the advantage of not involving N, so that if the numbers 
of births and deaths in a community are known but not the population, 
the probable error of the birth-death ratio may still be found. 

For Baltimore in 1917 

AT = 594,637 
B = 15,040 
D = 11,355. 
Therefore by (i) 

I 15040 11355 



PE . , = 67.449 !»40 / . 594637 594637 

}100£( 11355 \ 15040 11355 

-ROSA- 1 '0.9747 , 0.9809 , 

- 89 - 34 A/t--—- + — — - =89.34 V .00006481 + .00008638 



15040 11355 
= 89.34 X .01229 = 1.10. 



By (ii) 

PE \l0OB) =67 - 449 JIii \JE5E + lliis" =89 ' 34 ^00006649 + .00008807 

= 89.34 X .01243 = 1.11. , 

In using these formulae it should be borne in mind that the expression 
for the standard deviation of an index, which has been used in their der- 
ivation, is obtained on the assumption that deviations are small compared 
with the mean values of the variables. This will be true if B and D are of 
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fair size, but the formulae should not be used for very small absolute 
numbers of births and deaths. 

1 Papers from the Department of Biometry and Vital Statistics, School of Hygiene 
and Public Health, Johns Hopkins University, No. 52. 

2 Pearson, K. On a form of spurious correlation which may arise when indices are 
used in the measurement of organs. Proc. Roy. Soc, 60, 1897 (489). 



THE AVERAGE CHEMICAL COMPOSITION OF IGNEOUS ROCKS 
By Frank W. Clarkb and Hbnry S. Washington 

U. S. Geological Survey* and Geophysical Laboratory of the Carnegie 
Institution of Washington 
Communicated March 22, 1922 

We have recently completed computations of the average chemical 
composition of the igneous rocks of various countries, of the continents, 
and of the earth's crust. These are to be published as a Professional 
Paper of the U. S. Geological Survey, with discussions of the characters 
of the various averages, of the relative abundance, distribution, associa- 
tion, and evolution of the elements, and other matters. Inasmuch as it 
is probable that this paper will not appear for a considerable time, it is 
thought best to publish now the various average compositions arrived at, 
in order to put before geologists and others some interesting data as to the 
chemical composition of the earth. 

The data used by us were 5,159 chemical analyses of igneous rocks from 
all over the earth, and published between 1884 and 1913, inclusive. Analy- 
ses only of "superior" quality, and of fresh unaltered rocks, were con- 
sidered. These were taken from a collection of rock analyses made by 
one of us. 1 In computing the averages of the various countries and the 
continents the sum total of each constituent was divided by the total 
number of analyses of rocks from the area dealt with. In the case of 
the earth average, both in terms of oxides and of elements, the same 
method was adopted for the major constituents, Si0 2 , A1 2 3 , Fe^, FeO, 
MgO, CaO, Na 2 0, K 2 and H 2 (only water above 110° was considered), 
while the average for the minor constituents was obtained by taking the 
mean of the sum total of each divided by the number of analyses (which 
gives too low a result) and by the number of determinations (which is 
apt to give too high a result). 

In computing the average of the whole crust the relative proportions 
estimated by one of us 2 some years ago were adopted. The latest esti- 
mates of the masses and compositions of the hydrosphere and atmosphere 
have been used. These relative masses are as follows: Lithosphere 93%; 
hydrosphere 7%; atmosphere 0.03%. 



